The frequency of subsequent testicular cancer (referred to as metachronous testicular cancer) in men who have had previous testicular cancer is relatively high. The rate of metachronous testicular cancer in men with extragonadal germ cell tumors (EGCTs), however, is largely unknown. We conducted a retrospective study of EGCT patients to determine the incidence, cumulative risk, and specific risk factors for metachronous testicular cancers. Methods: A standardized questionnaire about patient characteristics, the extent of EGCT disease, any second malignancies, and treatments received was completed for 635 patients with EGCTs identified from the medical records of 11 cancer centers in Europe and the United States from 1975 through 1996. Comparisons with age group-specific data from the Saarland, Germany, population-based cancer registry were used to calculate the standardized incidence ratio ( 
75; 95% CI = 43 to 123). The cumulative risk of developing a metachronous testicular cancer 10 years after a diagnosis of EGCT was 10.3% (95% CI = 4.9% to 15.6%) and was higher among patients with nonseminomatous EGCTs (14.3%; 95% CI = 6.7% to 21.9%) and retroperitoneal EGCTs (14.2%; 95% CI = 5.6% to 22.8%) than among patients with seminomatous EGCTs (1.4%; 95% CI = 0.0% to 4.2%) and mediastinal EGCTs (6.2%; 95% CI = 0.1% to 12.2%). Testicular cancer is the most common malignancy in men aged 15-35 years (1, 2) . Approximately 5%-7% of these germ cell tumors are of extragonadal origin (3), with the most common sites being the mediastinum and the retroperitoneum. Extragonadal germ cell tumors (EGCTs) are histologically similar to gonadal germ cell tumors; however, there is no testicular abnormality detectable either by palpation or by high-resolution ultrasonography in patients with EGCTs.
Twenty-five years after initial treatment for testicular cancer, the cumulative risk of developing a contralateral testicular cancer is approximately 5%. The risk is higher for patients with nonseminomatous cancers or for patients younger than 30 years of age at the time of diagnosis (4, 5) . Overall, the relative risk of developing a second testicular cancer is 25-fold higher than in the age-matched population. The relative risk increase is probably a result of the existence of a precursor lesion for testicular cancer (the so-called "testicular intraepithelial neoplasia" [TIN] lesion) in testicular cancer patients. The assumed prevalence of a contralateral TIN lesion in patients with testicular cancer is approximately 5% (6) . Although a precursor lesion for the development of EGCTs has not been established, the occurrence of TIN lesions has been observed in 20%-40% of patients with retroperitoneal EGCTs (7) but is very rare in patients with a primary mediastinal EGCT (8) .
To our knowledge, the subsequent development of testicular cancer (referred to as metachronous testicular cancer) after the patient has been given a diagnosis of a retroperitoneal or mediastinal EGCT has been reported for only 12 patients (9) (10) (11) (12) (13) (14) (15) . Assessing the incidence of metachronous testicular cancer in patients with EGCTs is complicated by the fact that both events are rare. In this study, we reviewed a large, multicenter database that included information on 635 patients with EGCTs who had been treated during the cisplatinbased chemotherapy era to determine the incidence of metachronous testicular cancer in patients with EGCTs.
PATIENTS AND METHODS

Data Collection
We evaluated the medical records of all patients with EGCTs consecutively diagnosed and/or treated at 11 cancer centers in the United States and Europe from 1975 through 1996. The contributing centers and their locations, the population sample at each center, and the time period for each center are, respectively, as follows: Indiana University, Indianapolis, IN (n ‫ס‬ 216, 1989 through 1996); Institut Gustave-Roussy, Villejuif, France, and Centre Léon-Berard, Groupe d'Etude des Tumeursthrough 1996); The Royal Marsden Hospital, Sutton, U.K. (n ‫ס‬ 65, 1979 through 1994); Kaiser-Franz Josef Spital, Vienna, Austria (n ‫ס‬ 19, 1975 through 1996) ; and Virchow-Klinikum, Berlin, Germany (n ‫ס‬ 30, 1987 through 1994).
Patients were referred to the participating cancer centers because of their diagnosis of EGCT. The inclusion criterion for this study was evidence of an EGCT, defined as the presence of an extragonadal mass in the mediastinum, retroperitoneum, or elsewhere in the absence of testicular abnormalities at physical examination or ultrasonography. If testicular abnormalities were noted, a biopsy specimen was collected to exclude a diagnosis of primary testicular cancer. A TIN lesion or a scar found at the time the biopsy specimen was taken was not a cause for exclusion from the study. Overall, 637 patients were identified for this study, and 635 patients were eligible. Two patients were excluded from the analysis because chart review revealed invasive testicular cancer. We obtained the status of all living patients as of February 1998.
For the data collection, a standardized questionnaire was sent to each center, where it was completed by one of the coinvestigators. We acquired detailed information on patient characteristics, such as the location and histology of the primary EGCT; the extent of the disease, including serum tumor marker concentrations of human ␤-chorionic gonadotropin (␤-HCG), ␣-fetoprotein (AFP), and lactate dehydrogenase (LDH); history of testicular abnormalities; details on diagnostic methods, treatments, responses to treatment, and follow-up periods; and second testicular cancers, other second cancers, or treatment-related leukemia. We collected information regarding levels of ␤-HCG, AFP, and LDH because elevation of AFP and/or ␤-HCG levels with evidence of a mediastinal or retroperitoneal mass is considered specific for the diagnosis of a nonseminomatous EGCT. These tumor markers allow distinctions to be made between nonseminomatous EGCTs (elevated ␤-HCG and AFP) and other mediastinal or retroperitoneal tumors, including seminomatous germ cell tumors (no elevated markers).
The completed questionnaires were checked for plausibility and data consistency at Eberhard-KarlsUniversity Tuebingen Medical Center. The questionnaires were returned to the principal investigator at each center if any important data were missing. For this report, the clinical records of all patients with EGCTs who developed metachronous testicular cancer were reviewed in detail. All histopathologic slides of these cancers were diagnosed and classified by each center's pathology department. Because all patients' data and chart reviews were obtained anonymously and retrospectively, no institutional approval was necessary from any of the participating institutions.
Statistical Analysis
The duration of follow-up was calculated from the date of the EGCT diagnosis. Survival calculations were performed from the time of metachronous testicular cancer diagnosis and from the time of EGCT diagnosis. All data were entered in a personal computer at the Eberhard-Karls-University Tuebingen, Medical Center II, Germany. To calculate the standard incidence ratio (SIR), data were transferred to the Institute for Medical Information Processing, Eberhard-Karls-University Tuebingen. To determine the number of new cases of metachronous testicular cancer expected in the study group, we used the age group-specific data (classified in 5-year age groups) of the cancer registry of Saarland, Germany, from 1975 through 1996. This cancer registry is a population-based registry that covers the federal state of Saarland located in the southwest region of Germany (16) . Results were standardized on the basis of age and follow-up duration (patients' years of risk) and expressed as the SIR with the associated 95% confidence intervals (CIs), which were calculated on the assumption of a Poisson distribution (17) . The SIR was considered to be statistically significant if the 95% CI did not include the value 1.0. The SIR calculation was performed with the use of the SAS system (SAS, version 6.11 for Windows; SAS Institute, Inc., Cary, NC). The patients' years at risk, the expected number of cases for every age group, and the SIR were calculated according to Breslow and Day (17) .
All other statistical analyses were performed with the use of the SPSS system (SPSS for Windows, version 8.0; SPSS Inc., Chicago, IL). The KaplanMeier method was used to calculate survival data and to determine the cumulative risk of developing metachronous testicular cancer (18) . Cox proportional hazards models were performed to identify variables that could predict the occurrence of metachronous testicular cancers in patients with EGCTs, including categorical variables, such as histology of the primary tumor, age grouping (25 years and older versus younger than 25 years), serum tumor marker concentrations at diagnosis (elevated; yes versus no), presence of additional metastatic sites (yes versus no), and type of treatment, and continuous variables, such as age and tumor marker concentrations at diagnosis (19) . All statistical tests were two-sided.
RESULTS
Because the occurrence of metachronous testicular cancer in patients with EGCTs is a rare event, we identified patients from 11 cancer centers throughout Europe and the United States. In total, 635 patients with EGCTs, with a median age of 30 years (range, 14-79 years), were included in the analysis. Of these 635 patients, 341 (53.7%) had primary mediastinal EGCTs, 283 (44.6%) had primary retroperitoneal EGCTs, and one had primary cervical lymph node involvement. The primary tumor location could not be determined in 10 patients (1.6%) because of widespread disease (including pulmonary metastases) and simultaneous midline involvement of the mediastinum and the retroperitoneum. Histology reports were available for 628 patients, of whom 524 (82.5%) had nonseminomatous EGCTs and 104 (16.4%) had seminomatous EGCTs. Tumor histology was not available for seven patients (1.1%) who had elevated AFP and/or ␤-HCG levels. Of the 635 patients with EGCTs, 14 (2.2%) received unilateral orchiectomy before or at the end of the treatment for the EGCT. None of the patients underwent bilateral orchiectomy (Table 1) . Median follow-up time for surviving patients was 55 months (95% CI ‫ס‬ 50 to 60 months). Table 2 classifies all patients according to site of disease and histology. Sixteen of 635 patients developed metachronous testicular cancer, with a median time interval between both diagnoses of 60 months (range, 14-102 months). Another patient developed an EGCT after having testicular cancer. Of the 283 patients who had had a primary retroperitoneal EGCT, 12 (4.2%) developed metachronous testicular cancer (Tables 1 and 2) , with a median time interval between both diagnoses of 42 months (95% CI ‫ס‬ 27 to 56 months). By contrast, of 341 patients who had had a primary mediastinal EGCT, four (1.2%) developed metachronous testicular cancer, with a median time interval between both diagnoses of 69 months (95% CI ‫ס‬ 50 to 88 months) ( Table 3 ). Two of these four patients had 12-cm-and 10-cm-sized mediastinal masses at initial presentation, which was the only disease presentation. The two remaining patients had a mediastinal tumor mass and metastatic disease extending to the abdominal lymph nodes outside the midline structures, with either lung metastases or cervical lymph node/ thyroid gland involvement. The median age at diagnosis of EGCT in patients developing metachronous testicular cancer was 29 years (range, 19-49). Serum concentrations of the tumor markers AFP, ␤-HCG, and LDH were elevated in eight, six, and nine of the 16 patients, respectively (Tables 1 and 3) .
Of the 16 patients who developed metachronous testicular cancer, the majority were initially diagnosed with nonseminomatous EGCTs (n ‫ס‬ 15 [94%]) (Table 3) . By contrast, the majority of patients who developed metachronous testicular cancer were diagnosed with classical seminoma (n ‫ס‬ 11 [69%]). Three (19%) patients had mixed nonseminomatous germ cell tumors, one patient had embryonal cell carcinoma, and one had differentiated teratoma (6% each). The tumor histologies for the EGCT and subsequent metachronous testicular cancer were comparable for one patient, with both tumors containing mixed nonseminomatous germ cell tumor with embryonal cell carcinoma, seminomatous, and teratomatous components. In this patient, the time interval between diagnosis of EGCT and the occurrence of the metachronous testicular cancer was 84 months.
Five of 16 patients had had a bilateral testicular biopsy before treatment for the EGCT. The biopsy specimens from four of five patients were found to have normal histology. One patient, who was diagnosed with a TIN lesion, had a primary mediastinal seminoma and developed a subsequent metachronous testicular cancer 41 months after the completion of chemotherapy.
Of the 16 patients with metachronous testicular cancer, all had previously received cisplatin-based combination chemotherapy (cisplatin, etoposide, and bleomycin, n ‫ס‬ 10; cisplatin, vinblastine, and bleomycin, n ‫ס‬ 3; etoposide, cisplatin, bleomycin, andcyclophosphamide, n ‫ס‬ 1; cisplatin, etoposide, and ifosfamide, n ‫ס‬ 1; carboplatin, vinblastine, and bleomycin, n‫)1ס‬ for the treatment of their EGCT, and 11 were allocated to postchemotherapy surgery because of residual tumor masses (Table 1 ). The response status could be evaluated in 15 patients. All patients had attained complete remission after chemotherapy and/or secondary sur- We used the Kaplan-Meier method to estimate the cumulative risk of developing metachronous testicular cancer within 10 years after the initial diagnosis of the EGCT and found that the cumulative risk was 10.3% (95% CI ‫ס‬ 4.9% to 15.6%). The cumulative risk of developing metachronous testicular cancer was 14.3% (95% CI ‫ס‬ 6.7% to 21.9%) if the EGCT was nonseminomatous and 1.4% (95% CI ‫ס‬ 0.0% to 4.2%) if the EGCT was semi- nomatous (P ‫ס‬ .10). A retroperitoneal EGCT was associated with a cumulative risk of 14.2% (95% CI ‫ס‬ 5.6% to 22.8%), and a primary mediastinal location was associated with a risk of 6.2% (95% CI ‫ס‬ 0.1% to 12.2%), a statistically nonsignificant difference (P ‫ס‬ .18). Inspection of the cumulative risk estimates suggested that there might be two time periods during which patients with EGCTs seem more likely to develop metachronous testicular cancers; at approximately 2.5-4 years and at approximately 6-7.5 years after the EGCT diagnosis (Fig. 1) .
DISCUSSION
The occurrence of metachronous testicular cancer in patients with retroperitoneal and mediastinal EGCTs appears to be an infrequent event, with only 16 of 635 patients who were previously diagnosed and effectively treated for EGCTs developing metachronous testicular cancer. There are only 12 reported cases of metachronous testicular cancer in patients with EGCTs available from the literature (9) (10) (11) (12) (13) (14) (15) . This report is the first systematic investigation to provide data about the incidence and cumulative risks of the development of metachronous testicular cancer after treatment for an EGCT in a representative large cohort of patients by comparison with an age-matched general population. In addition, this investigation tries to identify specific risk factors for the development of subsequent metachronous testicular cancers in patients with EGCTs.
The average time between diagnosis of EGCT and diagnosis of metachronous testicular cancer in the 12 patients reported in the literature (9-15) was approximately 7-8 years (range, 35-168 months). However, we observed a median time of 5 years between the two diagnoses (range, 19-142 months). Our results may not conflict with those reported in the literature (9) (10) (11) (12) (13) (14) (15) , because it appears that there might be two time periods, the first at approximately 2.5-4 years and the second at approximately 6-7.5 years, during which patients are at an increased risk of developing metachronous testicular cancer (Fig. 1) .
Our results are similar in two ways to those of the 12 cases reported in the literature to date (9) (10) (11) (12) (13) (14) (15) . First, the majority of patients had nonseminomatous EGCTs before subsequently developing metachronous testicular cancers of seminomatous histology. Comparable histologic results of both the EGCTs and the metachronous testicular cancers were found in *AFP ‫ס‬ ␣-fetoprotein; EGCT ‫ס‬ extragonadal germ cell tumor; ␤-HCG ‫ס‬ human ␤-chorionic gonadotropin; med ‫ס‬ mediastinal; MTC ‫ס‬ metachronous testicular cancers; n.e. ‫ס‬ not evaluable; nonsem ‫ס‬ nonseminomatous; rp ‫ס‬ retroperitoneal; sem ‫ס‬ seminomatous; PEB ‫ס‬ cisplatin, etoposide, and bleomycin; PEI ‫ס‬ cisplatin, etoposide, and ifosfamide; PVB ‫ס‬ cisplatin, vinblastine, and bleomycin; ECBC ‫ס‬ etoposide, cisplatin, bleomycin, and cyclophosphamide; CEB ‫ס‬ carboplatin, etoposide, and bleomycin.
†Age at diagnosis of EGCT. ‡Cut point for detection of elevated levels. §According to Lugano classification (26) .
Previously published in reference (14) .
only one of the 16 patients. Second, in our cohort of 635 patients with EGCTs, the majority of patients (n ‫ס‬ 12) who developed metachronous testicular cancer had had a primary retroperitoneal EGCT. In addition, we note that four of 341 patients with primary mediastinal EGCTs subsequently developed metachronous testicular cancer. On the basis of available literature (9-15) and our series, we conclude that patients with EGCTs who develop metachronous testicular cancer have an excellent prognosis. In our series, all five patients receiving chemotherapy for metastatic disease have achieved longlasting remissions. Eleven patients with metachronous testicular cancer confined to the testis were treated with orchiectomy alone. After a median follow-up period of 51 months (range, 1-154 months) after treatment for metachronous testicular cancers, no treatment failures or recurrences have occurred and all patients are alive without disease. The median overall survival since diagnosis of EGCT was 109 months (range, 46-203 months). Our observed survival data are in accordance with the available literature (9) (10) (11) (12) (13) (14) (15) . No metachronous testicular cancer-related deaths have so far been reported, suggesting that the metachronous testicular cancers in patients with EGCTs seem to possess a favorable biologic behavior similar to that of de novo testicular germ cell cancers.
To calculate the SIR, we used the Saarland Cancer Registry because the age group-specific data available from the registry consider the changes in the incidences of metachronous testicular cancer during the approximately 20 years that make up the study time period. Despite some differences in the incidence of testicular cancer between the participating centers in Europe and the United States, the overall incidence of testicular cancer is comparable among the countries included in the analysis. In general, the differences among the participating countries were smaller than those within the different regional cancer registries of individual countries, particularly when considering age-specific data and time periods (16) . We found that the risk for developing metachronous testicular cancer among patients with EGCTs affects mainly those patients with retroperitoneal EGCT (SIR ‫ס‬ 100; 95% CI ‫ס‬ 54 to 172) or with nonseminomatous EGCT (SIR ‫ס‬ 75; 95% CI ‫ס‬ 43 to 123).
The markedly elevated SIR clearly indicates that those patients with EGCTs are at an increased risk for metachronous testicular cancer, despite the use of chemotherapy in all patients with EGCTs who later developed metachronous testicular cancer. Although this risk translates to a 10% chance of developing metachronous testicular cancer during a 10-year period, there was no mortality observed in those patients with subsequent metachronous testicular cancer. The observed incidence is clearly higher than that assumed from the available literature (9) (10) (11) (12) (13) (14) (15) . A possible explanation for the discrepancy may be that we were persistent in our follow-up of the study patients. Considering the SIR for contralateral cancer in testicular germ cell tumor patients (4), the risk for metachronous testicular cancer is approximately two to four times higher in the population with EGCTs than in those patients without EGCTs.
We identified statistically significant differences in the occurrence of metachronous testicular cancers in different subsets of patients with EGCTs. It is interesting that even the subset of patients with EGCTs with primary mediastinal tumors had an elevated SIR of 31 (95% CI ‫ס‬ 8 to 59). Only patients with seminomatous EGCTs did not have a statistically significantly increased risk of developing metachronous testicular cancers when compared with the age-matched population. It has to be kept in mind, however, that our observations are based on a relatively small number of metachronous testicular cancers among patients with EGCTs. Using the Cox proportional hazards model, we could not identify particular characteristics such as patient age, type of treatment received, histology of the primary tumor, serum tumor marker concentrations at diagnosis, or the presence of additional metastatic sites that predicted for the occurrence of metachronous testicular cancer in patients with EGCTs.
It remains unclear why only some patients with nonseminomatous EGCTs located in the retroperitoneum develop metachronous testicular cancers, whereas the majority of patients are unaffected. Histologic examination of biopsy specimens from the testes of patients with presumed EGCT has also not provided any clear-cut explanation. Some investigators have found microscopic tumor foci in the testes of numerous patients with EGCTs, whereas others have done so in a minority of patients with EGCTs or only in those patients with evidence of retroperitoneal disease (7, (20) (21) (22) . The histologic finding of a scar in the testis in a patient with an EGCT suggested that a primary testicular tumor might have regressed to form a socalled burned-out germ cell tumor (7) .
One possible origin of metachronous testicular cancer is the TIN lesion, which has been hypothesized to be the precursor lesion of seminomatous and nonseminomatous testicular germ cell cancers. The prevalence of contralateral TIN lesions in patients with testicular germ cell cancer is believed to be approximately 5% (6) . The observation of a simultaneous occurrence of retroperitoneal EGCTs and TIN lesions provides some evidence for the hypothesis that EGCTs are of testicular origin and that the EGCTs are confused with metastases (7). The simultaneous occurrence of TIN lesions and EGCTs, however, does not necessarily imply that EGCTs and TIN lesions have a common malignant progenitor cell. In patients with primary mediastinal germ cell tumors, TIN lesions have been described only in two patients so far (8, 14) . In both patients, histologic examination of the testes did not reveal an invasive germ cell tumor or a scar. One patient with a nonseminomatous mediastinal EGCT died shortly after diagnosis (8) . The other patient with a seminomatous mediastinal EGCT developed a metachronous testicular cancer of nonseminomatous histology 41 months later (14) . Thus, the association of EGCTs and TIN lesions may also represent an independent event indicating a generalized biologic defect in gonadal and extragonadal germ cells.
The development of metachronous testicular cancers despite initial cisplatinbased chemotherapy for the successful treatment of EGCTs has several implications: First, an approximately 60-fold increased biologic risk for subsequent testicular cancer exists in EGCT patients. This is a germ cell-specific phenomenon because a generally elevated risk for other solid tumors in patients with EGCTs has been excluded (23) . Second, the histogenesis of metachronous testicular cancers in patients with EGCTs remains an enigma even with histopathologic examination studies (7, (20) (21) (22) . In our study, metachronous testicular cancers have also been observed in patients with mediastinal EGCTs, a finding that has been reported only once before (14) . This may indicate that the mediastinal EGCT is a primary neoplasm with a concomitant in situ lesion in the testis, suggesting-in the opinion of the authors-a more general defect of germ cells. This finding also supports a possible existence of true midline retroperitoneal germ cell tumors regardless of the presence of TIN lesions in the testes of several patients. Another indication of the existence of a retroperitoneal EGCT is the observation of the different outcomes of these patients when compared with those patients who have gonadal germ cell tumors with retroperitoneal metastases, despite comparable prognostic characteristics (Hartmann, J. T: unpublished data). Third, although chemotherapy may reduce the risk of TIN lesions and subsequent testicular cancer (24) , it appears that it cannot completely abrogate the risk of developing metachronous testicular cancer. Fourth, in contrast with the wellknown association of primary mediastinal nonseminomatous germ cell tumors and hematologic disorders (25) , there appears to be no negative impact on survival because of the development of metachronous testicular cancers in patients with EGCTs. Both the biology of EGCTs and the histogenesis of subsequent testicular cancer should be areas of further investigation.
